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This report details the two-dimensional echocardio-
graphic assessment of 41 patients with Ebsteln's anom-
aly. The anatomic spectrum of Ebsteln's anomaly is cor-
related with surgical and autopsy observations in 66%
of these patients. Morphologic abnormalities of the tri-
cuspid valve and right heart structures were uniquely
assessed by noninvasive two-dimensional echocardlo-
graphic examination. Features of the tricuspid valve that
best related to decreased functional capacity were: 1)
Ebstein's anomaly comprises a wide spectrum of congenital
cardiac abnormalities involving the tricuspid valve apparatus
and the architecture of the morphologic right ventricle (1-9) .
The anatomic variability accounts, in part, for the protean
clinical manifestations , ranging from asymptomatic to lethal
(10-13).
Advances in two-dimensional echocardiography have
permitted accurate noninvasive diagnosis of various con-
genital malformations (14-17), including Ebstein' s anomaly
(18-23) . Visualization of an apically displaced septal tri-
cuspid leaflet has been shown to be the most diagnostic
feature . However, to date, two-dimensional echocardio-
graphic studies have not assessed or emphasized the wide
variability of other anatomic features in addition to septal
leaflet displacement, which typifies Ebstein ' s anomaly . Ex-
tensi ve two-dimensional echocardiographic assessment has
not occurred because of the small number of patients studied
and the lack of sufficient surgical and pathologic correlation .
Angiography has not been a satisfactory confirmatory ex-
amination, and in our opinion, it is inadequate for com-
parative delineation of the anatomic spectrum.
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absence of the septal leaflet, and 2) pronounced teth-
ering, restrIction of motion and displacement of the an-
terior leafillt of the tricuspid valve,
This 41/2 year ex~erience suggests tl1at two-dimen-
sional echocardlography can replace angiography a~ tht!
procedure of choice for diagnostic alld morpholbgic 118·
sessment of Ebstein's anomaly. Cardiac catheterlzatldn
is necessary only when specific hemodynamic questions
or clinical inconsistencies exist.
Over a 4 if2 year period , we performed detailed two-di-
mensional echocardiographic assessment of 41 patients with
Ebstein ' s anomaly. From this experience, it has been pos-
sible to delineate a two-dimensional echocardiographic
spectrum of Ebsteiri 's anomaly and to correlate these ob-
servations with available surgical and autopsy finding s in
66% (27 of 41) of these patients . From these observations,
we specifically sought recognizable morphologic features
that would best correlate with clinical presentation and func-
tional disab ility .
Methods
Study group. Thi s series consi sts of 41 patients with
Ebsteiri' s anomaly-23 male and 18 femal e , aged 2 days
to 85 years (mean 18 years) . The clinical severity was des-
ignated according to the New York Heart Association clas-
sification (24 ) and varied from asymptomatic (clas s I) to
severely symptomatic (clas s IV). There were 5 patients in
class I, 8 in class II, 17 in class III and II in class IV . As
documented clinically, echocardiographically, angiograph-
ically or surgically , most patients had associated defects ,
including secundum atrial septal defe ct (29 patients), patent
foramen ovale (4 patients ). ventricular septal defect (3 pa-
tient s), patent ductus arteriosus (3 patients), pulmonary ste-
nosis (4 patients), pulmonary atresia (2 patient s). corrected
tran sposit ion of the great arteries ( I patient ) and moderate
or severe tricu spid regurgitation (32 pat ients) (Table I ).
The diagnosis was con sistent with Ebstein' s anomaly by
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cardiac catheterization and angiography in 34 patients (83%).
Twenty-seven (66%) of the 41 patients subsequently under-
went surgery (25 patients) or autopsy (2 patients) and were
utilized to establish two-dimensional echocardiographic rec-
ognition of specific anatomic alterations. Seven patients did
not undergo direct anatomic correlation or cardiac cathe-
terization. but did have typical physical. radiographic.
electrocardiographic and two-dimensional echocardio-
graphic findings of Ebstein's anomaly. In these persons. the
lattertechnique was a primary meansof anatomic assessment.
Two-dimensional echocardiographic studies. Echo-
cardiographic examinations were performed with the use of
a wide angle, phased array sector scanner (DiasonicslVarian
3000-3400 with a 2.25 or 3.5 MHz transducer) or a wide
angle mechanical scanner (Advanced Technology Labora-
tories, Mark V, with a 3 or 5 MHz transducer). The images
were recorded on videotape for real time and slow motion
playback and review. The photographs published in this
article are from 35 mm black and white prints obtained
directly from stop-action images displayed on the video
screen.
A complete, detailed two-dimensional echocardiographic
examination was performed on each patient. The technique
and validation were reported previously (J 5). For each pa-
tient, two-dimensional echocardiographic images were ob-
tained in several views; however. special attention was di-
rected to the apical four chamber examination. From this
view. tricuspid and mitral valve motion and the anuli and
leaflet attachments were most consistently evaluated (Fig.
I). Short-axis views were utilized for best visualization of
the right ventricular outflow tract and pulmonary valve.
Measurements and definitions. For comparison of in-
tracardiac chamber sizes and structural dimensions. we uti-
Figure I. Two-dimensional echocardiogram, typical four cham-
berview. withdiagram (right) inapatient with Ebstein's anomaly .
Note that the septal tricuspid valve (tv) leaflet was displaced into
the right ventricle (large black arrow) and thus formed the atrial-
ized right ventricle (aRY). The anterior tricuspid leaflet was elon-
gated. and it originated from the true tricuspid anulus (top ar-
rowheads). Both leaflets were tethered to underlying myocardium
(small arrows). The tricuspid anulus and right atrium (RA) were
dilated. AS = atria! septum; fRY = functional right ventricle; I
= inferior: L = left; LA = left atrium; LY = left ventricle: mv
= mitral valve; R = right; S = superior. (Reproduced from Shi ina
A. 156]. by permission of the American Heart Association. lnc.)
Iized the apical four chamber view (Fig. 2). Tricuspid and
mitral anulus dimensions were measured as the maximal
lateral diastolic distance at the level of an echocardiograph-
ically identifiable anulus. Long-axis base-apex ventricular
dimensions were measured as the diastolic distance from
the anatomic anulus to the ventricular apex. The atrialized
right ventricle was considered the maximal systolic distance
from the atrioventricular junction (anatomic anulus) to the
functional anulus at the leading edge of the tricuspid leaflets.
The functional right ventricle was considered the difference
between the total right ventricle and the atrialized right
ventricle. Atrial dimensions were estimated as the maximal
systolic distance from the valve anulus to the posterosuperior
wall of each atrium.
Displacement of the septal tricuspid leaflet was measured
in systole as the distance from the tricuspid anulus to the
distal point of septal leaflet attachment. (For the purpose of
comparison in this large group of patients of various ages
and body size , values of dimension and distance were in-
dexed to absolute body surface area or to adjacent relative
chambers.) .•Echocardiographic valve dysplasia" refers to
alterations in size. shape and organization of a cardiac valve
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Table 1. Two-Dimensional Echocardiographic Features of 41 Patients With Ebstei n's Anomaly
Tricuspid Valve Echogram
Ass'd STL ATL DomingMotion Tethering MotionCase Age (yr) Cardiac Displ DispllBSA Displ Elon- Thick- Coap-
no. & Sex FC Defects TR Size (mm) (rnm/nr' ) (mrn) Prolapse gation STL ATL STL ATL STL ATL ening tation
I 71 M IV ASD. PFO Mo Di 22 10.6 + ! t + + + S
2 18 F III ASD Mo Di 48 37.5 + + ! t + + + + S
3 22 F II ASD Mi Di 48 32.0 + ! t + + + S
4 14 M I Se Di 28 17.8 + ! t + + + S
5 34 M III ASD Se Di 40 19.6 + ! t + + + + + S
6 17 F III Se Di 30 16.3 + ! t + + + + + S
7 9 M III ASD Se N 8 8.9 + ! t + + + + C
8 85 M IV Se N 33 18.3 + ! t + + + + + C
9 11 M III ASD, VSD Se Di 26 26.0 + t t + + + + S
10 44 M I Mi N 18 9.5 n t + C
II 12 F II Mi N 12 8.6 + t t + + + C
12 7 d M IV ASD. PS Se Di 22 55.0 22 + ! t + + + S
13 26 F IV ASD Se N 42 25.6 32 + t t + + + + S
14 23 F III ASD Se Di 28 20.3 + t t + + S
15 1 M III ASD Se Di 7 15.2 + + t t + + + S
16 34 M II ASD Se Di 42 22.7 + t t + + + + S
17 34 M IV ASD Se N 40 22.\ + ! t + + + + + C
18 4 F II Mi Di 22 31.9 + ! t + + + + S
19 6 mo F III PFO, VSD, Mo N 7 26.9 n n + C
PDA
20 39 M I PFO Mi Di 16 8.5 + t t + + + + + S
21 16 M III ASD Se Di 50 27.2 60 + t t + + + + + S
22 9 M II ASD, PA Mi N 12 12.6 13 ! t + + + + C
23 6 mo F IV ASD. VSD. Se N 12 30.0 ! n + + + + C
LTGA
24 18 F 1II PFO Mo N 32 20.1 + ! t + + + + + S
25 5 M II ASD Di 13 17.1 + ! t + + + S
26 3 M IV ASD Mo N 24 46.2 + ! t + + + S
27 25 M II ASD Mi N 10 9.7 + n t + + + S
28 24 F III ASD, PS Mo N 25 18.7 + ! t + + + + + C
29 5 F I Mo Di 10 13.5 + + ! t + + + + S
30 22 M III ASD Se N 28 16.6 + ! t + + + + + S
31 18 M 1 N 24 12.4 + n t + + + + C
32 12 M III ASD, PS Se 7 + t + + S
33 23 F III ASD Se Di 21 12.7 t t t + + + S
34 2d M IV PDA, PA Se Di 25 114.0 + ! t + + + S
35 10 F II ASD Mo N 19 15.3 + n t + + + C
36 6d F IV ASD, PDA, Mo ! + + S
PS
37 M IV ASD Se + t + + S
38 2 M III ASD Mo + t + + S
39 10 mo F IV ASD Se Di 27 72.9 ! t + + + + + S
40 15 F IV ASD Mo 10 + t + + S
41 52 F III ASD Mo Di 28 16.7 + t t + S
*Extremely broad, dense echo present at tricuspid anulus. aRV = atrialized right ventricle; ASD = atrial septal defect: Ass'd = associated; ATL
= anterior tricuspid leaflet; BSA = body surface area; C = central coaptation; d = days; Di = diminutive; Displ = displacement: F = female; FC
= functional class (New York Heart Association classification); LAD = left atrial dimension: LTGA = left transposition of great arteries; LV = left
ventricle; LVD = left ventricular dimension; M = male; Mi = mild; mo = month: Mo = moderate: MVA = mitral valve anulus: MVP = mitral
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Table I. (continued)
Other Features Intracardiac Dimensions
Exaggerated Aneurysmal TV
Case Anular Dilation LV Anuln TVA/MVA RAD RAD/LAD RVD RVD/LVD aRV aRV/RV
No. Motion of RVOT MVP Contraction (mm) Ratio (mm) Ratio (mm) Ratio (rnrn) Ratio (%)
I + R 42 1.1 70 14 83 0.9 28 34
2 +* N 32 1.6 47 74 58 78
3 +* + N 65 24 50 1.3 80 1.0 33 41
4 +* N 37 1.3 37 81 1.2 36 44
5 + N 46 1.5 58 1.2 78 0.9 36 46
6 +* N 55 2.2 55 100 30 30
7 + + N 45 2.3 60 72 30 42
8 + R 58 2.2 80 1.1 110 1.5 65 59
9 + + N 63 2.1 32 1.2 78 1.0 55 71
10 N 65 1.6 70 1.3 95 1.1 25 26
11 + N 60 68 120
12 +* N 21 1.9 18 1.3 28 1.0 23 67
13 + + N 58 2.3 60 1.5 100 1.2 60 60
14 + N 40
15 + N 2h 2.3 66 55 1.1
16 + + N 47 1.3 55 1.5 83 1.0 42 51
17 + + N 60 2.0 58 100 62 62
18 +* N 28 1.6 22 1.3 50 32 64
19 + N 13 1.6 21 1.0 32 1.1 12 38
20 + N 45 2.1 40 1.3 95 1.2 33 47
21 + + N 55 2.2 58 14 98 1.2 55 56
22 + N 26 1.0 32 14 55 0.9 28 51
23 + N 16 1.0 22 1.0 38 1.0 14 37
24 +* N 50 2.2 46 1.3 100 1.1 45 45
25 N 31 1.1 40 0.9 14 35
26 + N 31 2.1 40 1.6 55 1.1 28 51
27 +* N 50 2.5 38 1.5 110 30 27
28 +* N 47 1.9 45 1.6 70 1.0 48 69
29 +* + N 42 2.0 42 1.5 62 1.0 20 32
30 + N 56 1.1 55 1.2 85 1.0 46 54
31 + + N 45 1.4 40 1.1 85 0.9 38 45
32 + + N 45 1.3 38 1.2 75 1.0 82
33 + N 56 1.8 50 1.3 75 0.9 40 53
34 + N 37 35 95
35 + N 30 1.2 52 1.3 59 1.0 28 47
36 + N 24 1.9 21 1.2 32 1.0 21 66
37 + N 22 26 30
38 + + N 24 40 60
39 + N 23 LX 20 1.2 47 1.0 36 77
40 + N 55 2.0 45 1.5 66 1.0 50 76
41 + N 38 1.3 58 1.3 85 1.0 32 38
valve prolapse; N = normal; PA = pulmonary atresia; PDA = patent ductus arteriosus; PFO = patent foramen ovale: PS pulmonary stenosis; R
= reduced; RAD = right atrial dimension; RVD = right ventricular dimension; RVOT = right ventricular outflow tract; S = septal side coaptation;
SE = severe; STL = septal tricuspid leaflet: TR = tricuspid regurgitation; TV = tricuspid valve; TVA = tricuspid valve anulus; VSD = ventricular
septal defect. t = decreased; t = increased; + = present; - = absent; ... = no data.
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Figure 2. Still frame picture showing how intracardiac dimensions
and displacement of the septal tricuspid leaflet were measured.
The tricuspid anulus (TVa) and mitral anulus (Mva) were measured
in transverse dimension in diastole. Right ventricular (RV) and
left ventricular (LV) dimensions of the long axis were measured
as the maximal distance in diastole from tricuspid or mitral anulus
to the apex of the right or left ventricle. Dimension of atrialized
portion of right ventricle (aRV) was measured in systole as max-
imal distance from the tricuspid anulus to the tricuspid valve. Right
atrial (RA) and left atrial (LA) dimensions were measured from
the tricuspid or mitral anulus to the posterior atrial wall in systole.
Distance of displacement of the septal tricuspid valve (dSTL) was
measured from the tricuspid anulus to the point of attachment of
the septal leaflet to the ventricular septum in systole. Other ab-
breviations as in Figure I .
relative to what are expected . Tethering was defined as
chordal attachments from the body or free edge of the tri-
cuspid valve to the underlying myocardium which resulted
in restricted leaflet excursion; its evaluation was subjective ,
based on the number and degree of chordal attachments and
on the severity of reduced leaflet motion. An aneurysm of
the right ventricular outflow tract was defined as a short-
axis outflow tract dimension at least twice the diam eter of
the aort ic root. Although aneurysm of the inferior wall of
the right ventricular inflow tract has been described in au-
topsy specimens (8), parado xic motion was not dete cted in
this reg ion in any of our patients .
Control groups. To test the diagnostic value of two-
dimensional echocardiographic observations, we assessed
three additio nal patient groups in a similar fashion: 30 nor-
mal subjec ts (aged 4 days to 66 yea rs. mean 32 years) : 20
patient s with sec undum atrial septal defect with pulm o-
nary/system ic flow ratios of 2.0 to 3.2 (mean 2.2) (aged 14
to 72 years, mean 45) and 20 patients with symptomatic
seve re tricu spid regurgitation not due to congenital malfor-
mat ion (aged 14 to 75 years, mean 57). The two patient
groups were selected because they had conditions that are
associated with right atrial and right ventricular volume
overl oad that may be cl inically and functionally similar to
Ebstein ' s anomaly. In this manner , we could evaluate the
specificity of the two-dimen sional echocardiographic ob-
servations for Ebstein ' s anomal y .
Results
Two-Dimensional Echocardiographic Spectrum of
Ebstein's Anomaly (41 patients)
For the purpose of this analysis, we hypothesized that
the visualization of downward (apica l) displacement of the
septal tricuspid leaflet was diagno stic of Ebstein' s anomaly .
Th is feature has been shown to be a consistent finding in
Ebstein's anomaly, both in patholo gic and echocardio-
graphic reports (8,20). From our work, we do not believe
that angiography is a satisfactory means of anatomic con -
firmation of leaflet displacement or other structural feature s
of Ebste iri' s anomaly. Thu s , we rel ied primarily on surgi cal
(25 patients) and autopsy (2 pat ients) obse rvations . In milder
forms of Ebstein ' s anoma ly (14 patient s), we utilized co n-
sis tent clinical (physical exa mination, electrocardiography,
chest roentgenography and M-mode echocardiography) and
occasionally angio graphic information to support the di-
agnos is of Ebstein ' s anomaly . We included the latter group
of patient s to allow a better present ation of the complete
spect rum of anatomic alterations consis tent with Ebstein' s
anomaly .
Tricuspid valve leaflet displacement. Diagnosis. By
means of the apical four chamber view. recogniti on of the
presence or absence of leaflet tissue and the degree of in-
ferior displacement of septal or anterior leaflet could be
achieved in all 41 patient s . In five patients (12 %), the septa l
leaflet was considered absent. In nine others (22 %), the
septal leaflet appeared to originate near its anulus but was
mark edly tethered to the ventricul ar septum, with its free
edge noticeably displaced apically . In the remaining 27 pa-
tients (66% ), the septal leaflet was intimately adherent to
the ventricular septum and appeared to originate from an
apica lly displaced position .
Displacement of septal leaflet . In pat ients with Ebstein ' s
anomaly, displacement of the septal leaflet ranged from 7
to SO mm (Table I ), whereas in those with a norm al tricuspid
valve (Fig . 3), secundum atrial defect and severe tricu spid
regurgitation, displacement ranged from 0 to 10 rnm, 2 to
14 mm and 2 to IS mrn , respectively. In 6 patients with a
norm al tricuspid valve, 14 with atrial septal defe ct and 9
with tricuspid regurgitation , the abso lute displacement was
grea ter than 7 mm . These displacem ent values showed co n-
siderable ove rlap with values for Ebstein ' s anomaly. How-
ever, when these values were indexe d to body surface area
(Fig . 4), patients with Ebstein ' s anomaly (range 8.5 to 11 4 ,
med ian 18.4 mm/rrr') could be cle arly separated from the
control groups (normal, range 0 to 6.3, median 3.0 mm/rn";
atrial septal defect, rang e 0.9 to 7.5, median 5.0 rnm/rrr ';
and tricuspid regurgitation, range 1.1 to 7.5, median 4 .0
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Figure 4. Septal tricuspid valve displacement index for normal
subjects and patients with atrial septal defect (ASD), tricuspid
regurgitation (TR) and Ebstein's anomaly.
Figure3. Two-dimensional echocardiogram and diagram ina nor-
mal subject. The septal tricuspid leaflet normally inserts slightly
below the septal portion of the mitral valve (arrows). Abbrevia-
tions as in Figure I.
mm/rrr'). A displacement index above 8 mm/rrr' was a sen-
sitive predictor of Ebstein's anomaly.
Displacement of anterior leafiet. The anterior leaflet in
all control groups originated from the tricuspid anulus and
there was no evidence of displacement. However, in six
patients with Ebstein's anomaly, displacement of the an-
terior leaflet ranged from 7 to 60 mm (Fig. 5) and the
displacement index was 4.4 to 55 mm/rrr'.
Tethering of the septal and anterior leaflets (Tables
1 and 2). Among patients in whom the septal tricuspid
leaflet was present, tethering to the ventricular septum (Fig.
6) was recognized in 35 (97%) of 36 patients. Tethering of
:
:
I
','
I
~
.;.
+
I Y
+ ~
the anterior leaflet, of a variable degree, was present in 35
(85%) of 41 patients. Pronounced tethering of the closing
edge and mid portion of the anterior leaflet resulted in pro-
nounced restriction of motion in seven patients (17%) (Fig.
5 and 6). Less restrictive tethering was present in the re-
maining 28 patients (68%). Tethering of one (10 patients)
or both (30 patients) tricuspid valve leaflets was present in
40 patients (98%). The exception was Patient 19, who had
septal leaflet displacement of 26.9 mm/rrr' and a mobile
anterior leaflet. No patients in the normal, atrial septaldefect
or tricuspid regurgitation groups had evidence of abnormal
tethering of the septal leaflets.
Septal and anterior leaflet tissue (Table 2). Dysplasia
of the septal leaflet was recognized in 25 (61 %) of 41 pa-
tients and was absent in 5 patients (12%) and diminutive
and thickened in 20 patients (49%). Restricted motion or
lack of coaptation with the anterior leaflet was present in
all 25 patients, and 24 (96%) of 25 patients had clinical and
angiographic evidence of tricuspid regurgitation.
In contrast, the anterior leaflet was typically abnormally
elongated and demonstrated a characteristic whip-like re-
dundant motion with each cardiac cycle (35 [85%1 of 41
patients). The valve was thickened and associated with se-
vere tethering in seven patients. None of the normal, atrial
septal defect or tricuspid regurgitation groups showed septal
leaflet dysplasia or pronounced elongation of the anterior
leaflet as is seen in Ebstein's anomaly.
The tricuspid valve in Ebstein's anomaly was thickened
in 38 (9y1!c) of 41 patients. This feature was nonspecific
and was also observed in 10 (24%) of 41 patients with either
atrial septal defect or tricuspid regurgitation.
Tricuspid valve motion and coaptation (Tables 1 and
2). Exaggerated motion. In 38 (93%) of 41 patients with
Ebstein's malformation, the anterior tricuspid leaflet under-
went a characteristic undulating whip-like motion with each
Ebstein
(36 pts)
TR
(20 pts)
ASD
(20 pts)
(mm/m 2 ) Normal
(30 pts)
x 40
Q)
"0
C
-
30
c
Q)
E
Q) 200
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a.
f/l 10i5
0
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Figure S. Two-dimensional echocardiogram and diagram show-
ing markedly downwardlydisplaced anterior (large white arrow)
and septal (black arrowhead) tricuspid leaflets, Small arrows
indicate tethering and white arrowheads, tricuspid anulus, Ab-
breviations as in Figure I,
cardiac cycle, In II patients (55%) with atrial septal defect
and 5 patients (25%) with severe tricuspid valve regurgi-
tation, exaggerated motion of the anterior leaflet was also
present. In the regurgitation group, the incidence of exag-
gerated leaflet motion was less than expected, and this may
have reflected a low output state,
Anterior leaflet prolapse. A mild degree of anterior leaflet
prolapse was noted in two patients with Ebstein's anomaly
and was severe in one.
Diastolic doming, Diastolic doming of the septal leaflet
(22 [61 %] of 36 patients) or anterior leaflet (II [27%] of
41 patients) was present in Ebstein' s anomaly. This pattern
of motion appeared to be consistently related to some teth-
ering of the free edge or thickening of the valve leaflet.
Coaptation. Coaptation of the tricuspid leaflets occurred
centrally in all control groups, but was eccentric (septally)
in 30 (73%) of 41 patients with Ebstein's anomaly, This
eccentric displacement of the leaflet edges was most pro-
nounced in patients with a dysplastic septal leaflet.
Aneurysmal dilation of right ventricular outflow tract
(Table 2). Aneurysmal dilation, defined as right ventricular
diameter equal to or greater than twice the aortic root di-
ameter, was present in eight patients (20%) (Fig. 7), This
feature was not present in any of the control groups. Six
patients also had associated severe tricuspid regurgitation,
and two patients had mild to moderate regurgitation.
Exaggerated tricuspid anulus motion (Table
2). Excessive motion of the tricuspid valve anulus was pres-
ent in the majority of patients (39 [95%] of 41 patients)
with Ebstein's anomaly. Similar anular motion was ob-
served in 8 (40%) patients with atrial septal defect and 12
(60%) patients with tricuspid regurgitation, but was not
observed in normal subjects. Dense echoes of the tricuspid
anulus were present in 10 (24%) of 41 patients with Eb-
stein's anomaly. These densities were thought to be related
to anular thickening rather than calcification. This obser-
Table 2. Comparison of Two-Dimensional Echocardiographic Features Among the Patient Groups Studied*
Doming
Group Dysplastic Elongation Exaggerated Displacement Thickened Motion Septal Aneurysmal Hyperdynamic Dense
(no.) Tethering STL of ATL Motion of ATL of ATL TV of STL Coaptation RVOT TV Anulus TV Anulus
Normal (30) 0 0 0 0 0 0 0 0 0 0
ASD (20) 0 0 0 II (55%) 0 5 (25%) 0 0 0 8 (40%)
TR (20) 0 0 0 5 (25%) 0 5 (25%) 0 0 0 12 (60%)
Ebstein's 40 (98%) 25 (61%) 35 (85%) 38 (93%) 6 (15%) 38 (930/c) 22/36t 30 (73%) 8 (20%) 39 (95%)
anomaly (66%)
(41)
o
3 (15%)
1(5%)
10 (24%)
*Note that tethering, dysplastic septal tricuspid leaflet (STU, elongation of the anterior tricuspid leaflet (ATL), displacement of the anterior tricuspid
leaflet, doming motion of the septal tricuspid leaflet, eccentric coaptation on septal sides and aneurysmal dilation of the right ventricular outflow tract
(RVOT) are findings exclusively seen in Ebsteins anomaly and not observed in other patient groups, tFive patients had no septal tricuspid leaflet. ASD
= atrial septal defect; ATL = anterior tricuspid leaflet; RVOT = right ventricular outflow tract; TR = tricuspid regurgitation; TV = tricuspid valve.
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Figure 6. Two-dimensional echocardiogram and diagram show-
ing typical features of tethering of the tricuspid leaflet (small
arrows) to the myocardium. Arrowheads indicate the tricuspid
valve anulus. Abbreviations as in Figure I.
vation was present in three patients with atrial septal defect,
one patient with tricuspid regurgitation and none of the
normal subjects.
Left ventricular function and dimension. Mild in-
crease in left ventriculardimension and reduced global ven-
tricular function were present in only two patients. Gen-
erally, the leftventricle appeared normal in absolute dimension
and small relative to the dilated right-sided chambers. Left
ventricular dysfunction did not appear to be a consequence
of Ebstein's anomaly but, on the basis of two patients, was
related more to age, left-sided valvular disease or prior
Figure 7. Two-dimensional echocardiogram and diagram. short-
axis view, showing aneurysmally dilated right ventricularoutflow
tract (RYO). A = anterior; Ao = aorta; L = left; LA = left
atrium; P = posterior; R = right. .
myocardial infarction. However, leftward bowing of the
ventricular septum in severe cases of Ebstein's anomaly
resulted in a conical right ventricular chamber and a cres-
centic left ventricular chamber.
Mitral valve prolapse. Mitral valve prolapse of mild
degree with thickening of valve leaflets was seen in three
patients (7%) with Ebstein's anomaly. Only one of these
three patients had an associated atrial septaldefect. In each,
mitral regurgitation was trivial.
Intracardiac chamber and anular dimensions (Table
3). Right- and left-sided chamber dimensions were ex-
pressed as ratios. Because of the very wide range of ages,
we excluded patients less than 4 years of age for this com-
parative assessment.
The mean values of dimensions and ratios were consist-
ently greatest in patients with Ebstein's anomaly whencom-
pared with normalpatients and those withatrial septaldefect
and tricuspid regurgitation. All values were significantly
(probability [p1 < 0.00 I) greater in comparison with the
normal group. Tricuspid anulus size was significantly greater
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Table 3. Comparison of Intracardiac Sizes Among Patient Groups Studied
TVA RA RV
Group (no.) (rnm/rn") TVA/MVA (mm/rrr') RAILA (rnm/rrr') RV/LV
Normal (26)
Range 14-22 0.9-1.2 16-29 0.9-1.1 33-50 0.8-1.0
Median 18 1.0 22.8 1.0 41.9 0.9
ASD (19)
Range 14-38 1.1-1.8 23-48 1.0-1.7 30-54 0.9-1.1
Median 20.9 1.5 30.9 1.2 44.3 1.0
TR (20)
Range 17-33 1.2-2.1 21 -52 1.0-1.5 35-55 0.9-1.3
Median 22.5 1.5 30.5 1.3 46 1.1
Ebsteins anomaly (41)
Range 20-63* 1.0-2.5t 21-67+ 1.1-1.6+ 29-86t 0.9-1.5+
Median 30.5 1.9 33 1.3 53 1.0
No. 28 27 30 23 29 23
*p < 0.001 in relation to all three groups; tp < 0.001 versus normal; p < 0.05 versus ASD: p = NS versus TR. +p < 0.001 versus normal; p =
NS versus ASD and TR. ASD = atrial septal defect: LA = left atrium: LV = left ventricle; 1\1VA = mitral valve anulus: NS = not significant; RA
= right atrium: RV = right ventricle: TR = tricuspid regurgitation; TVA = tricuspid valve anulus.
than that in patients with atrial septal defect or tricuspid
regurgitation (p < 0,00 I), Right ventricular size and the
ratio of tricuspid and mitral anuli in the Ebstein anomaly
group were significantly greater than those in the atrial septal
defect group (p < 0.05) but not significantly greater than
those in the tricuspid regurgitation group,
Anatomic Correlation of Two-Dimensional
Echocardiography With Surgery or Autopsy Data
(Table 4) (27 patients)
Preoperative two-dimensional echocardiographic ana-
tomic observations in 27 patients were critically compared
with surgical (25 patients) or autopsy (2 patients) descrip-
tions, Major anatomic alterations, such as displacement or
hypoplastic septal leaflet, tethering and elongation of the
anterior leaflet, showed good correlation, Features such as
absent septal leaflet (four patients), displaced anterior leaflet
(six patients), aneurysmal dilation of the right ventricular
outflow tract (four patients) and prolapse of the anterior
leaflet (one patient) were each confirmed. Increased size of
the tricuspid anulus and right atrial and right ventricular
dimensions agreed grossly with the surgical description.
Features that were poorly appreciated by two-dimensional
echocardiography included the presence of fenestrations or
clefts in the anterior tricuspid leaflet (two patients had a
large perforation and six others had small or multiple per-
forations or clefts) and abnormalities of the posterior leaflet.
Correlation of Anatomy and Functional Disability
(Table 5) (41 patients)
Patients with poorer functional capacity (classes III and
IV, 28 patients) had more numerous and more severe mor-
phologic abnormalities than did patients with better func-
tion, Among patients in functional class III or IV, tricuspid
Table 4. Two-Dimensional Echocardiographic and Surgical Correlation of Features of Ebstein's Anomaly
Sensitivity Diagnostic
Abnormality Surgery Echocardiography (o/r) Accuracy* (%)
Septal leaflet
Absent 4 4 100 100
Hypoplastic 13t [2 92 100
Displaced 27 -1- 23 100 96
Anterior leaflet
Elongated 23§ 25 100 92
Displaced 6 6 100 100
Tethered free edge 10 10 100 100
Prolapse I [ 100 100
Aneurysmal right 4 4 100 100
ventricular outflow tract
*Sensitivity = number of true positives/(number of true positives plus number of false negatives); diagnostic accuracy number of true posi-
tives/(number of true positives plus number of false positives), i'Case 21. Surgeon reported thickened dysplastic leaflet; two-dimensional echocardiogram
showed normal size and mobility. +Case 14. Surgeon reported nodisplacement: two-dimensional echocardiogram showed displacement of 9 mm/rrr , the
smallest displacement in series. §Cases 12 and 23. Surgeon reported normal size: two-dimensional echocardiogram snowed larger than normal size.
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Table 5. Correlation Between Two-Dimensional Echocardiographic Features find Functional Disability
Functional Disability (NYHA) Class
Mild (I) (5 pts) Moderate (II) (8 pts) (%) Severe (III-IV) (28 pts)
Abnormality No. (%) No. No. (%)
aRV/RV > 50% 0 ( 0) 317* (43) 16/24t (67)
Displaced septal leaflet
2: 25 mm/rrr' 0 ( 0) 2 (25) 10 (36)
Septal leaflet
configuration
Normal 2 (40) 4 (50) 10 (36)
Hypoplastic 3 (60) 4 (50) 13 (46)
Absent 0 ( 0) 0 ( 0) 5 (18)
Displaced anterior leaflet 0 ( 0) I (13) 5 (18)
Tethering of anterior
leaflet (free edge)
Mild 0 ( 0) 0 ( 0) 3 (II)
Severe 7 (25)
Restricted motion
(free edge) 0 ( 0) 0 ( 0) 7 (25)
Aneurysmal RVOT 0 ( 0) I (13) 7 (25)
Tricuspid anulus size
2: 45 rnm/rrr' 1 (20) 017* ( 0) 10/26:1: (38)
RA size 2: 60 mm/rrr' 0 ( 0) 0 ( 0) 7/26:1: (27)
*,t,:l:Measurements could not be made *in one patient, tin four patients :l:in two patients. aRv = atrialized right ventricle; NYHA = New York
Heart Association; pts = patients; RA = right atrium; RV = right ventricle; RVOT = right ventricular outflow tract.
I II III & IV
Functional capacity (NYHA)
Figure 8. Correlation between ratio of atrializcd right ventricle
and whole right ventricle andfunctional capacity (New York Heart
Association 1NYHAj classification).
regurgitation was present in all 28 ( 100%) and was moderate
in 10 and severe in 18; 23 (82%) of the 28 patients were
cyanotic. In contrast, among the 13 patients in functional
class I or II, significant tricuspid regurgitation was present
in 4 (31%) and cyanosis was detected in 5 (38%).
Morphologic abnormalities detected by two-dimensional
echocardiography that appeared to be associated with a lower
functional class included: I) small functional right ventricle
and large atrialized right ventricle, 2) extreme septal leaflet
displacement, 3) absent septal leaflet, 4) displaced anterior
leaflet, 5) tethering of the anterior leaflet, and 6) aneurysmal
dilation of the right ventricular outflow tract.
Ratio of small functional Fight ventricle/large atrial-
ized right ventricle (Fig. 8). For a better illustration of the
association of small "functional" and large "atrialized"
right ventricle, a ratio of these two dimensions (dimension
of atrialized right ventricle over the functional right ventri-
cle) was utilized. Twenty-four patients in functional class
III or IV in whom this measurement could be performed
had ratios of 0.3 to 0.95, mean 0.56). Of these 24 patients,
16 (67%) had a ratio greater than 0,5 (that is, a large atrial-
ized right ventricle). Of the seven patients in functional class
II in whom this measurement could be obtained, the ratio
ranged from 0.27 to 0,64 (mean 0.47) and was smaller than
0.52 in all but one patient. One patient in class II (Case 18)
had an elevated ratio of 0.64 with no associated cardiac
defects and mild tricuspid regurgitation. All five patients in
functional class I had a ratio smaller !lJan 0,5 (range 0.26
to 0.47, mean 0.44).
Septal leaflet displacement (Table 5). There was no
statistical correlation between functional capacity and in-
dexed displacement of the septal leaflet. However, 10 pa-
tients (36%) in functional class III or IV had a displacement
index greater than 25 mm/rn", and only 2 patients (15%) in
functional class I or II had a displacement index greater
than 25 mm/rrr' .
Absence of septal leaflet (Table 5). Absent septal leaflet
was, in each instance, associated with moderate or severe
tricuspid regurgitation and was found only in patients in
functional class III or IV.
Hypoplastic septal leaflet (Table 5). Twenty patients
with hypoplastic septal leaflet had rip correlation of severity
of tricuspid regurgitation or functional disability.
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Displaced anterior leaflet (Table 5). Only I patient in
functional class I or II had displacement of the anterior
leaflet (13.7 mm/rrr'), whereas this change was found in 5
(18%) of 28 patients in functional class III or IV. Four of
these five patients had severe tricuspid regurgitation.
Anterior leaflet tethering (Table 5). All 10 patients
with tethering of the free edge of the anterior leaflet were
in functional class III or IV. In 7 of 10 patients with pro-
nounced tethering, valve motion was markedly restricted,
and in each instance, moderate to severe tricuspid regur-
gitation was present.
Aneurysmal right ventricular outflow tract (Table 5).
Seven (88%) of eight patients with aneurysmal right ven-
tricular outflow tract were in functional class III or IV.
Discussion
At the Mayo Clinic, echocardiography is now considered
by clinical cardiologists and surgeons to be the standard for
the preoperative diagnosis and anatomic assessment of Eb-
stein's anomaly. Angiography is no longer considered a
necessary or particularly reliable means of anatomic diag-
nosis. This change in practice has occurred gradually over
the past 6 years since the introduction of two-dimensional
echocardiography. It is this experience that is being re-
viewed herein.
Recent advances in surgical procedures in Ebstein's
anomaly make it possible to improve functional status and
survival (25,26). It is of value, therefore, to know the pre-
cise preoperative morphologic features and anatomic alter-
ations, for these may not only affect the diagnosis but also,
in part, account for the degree of functional disability. Ac-
curate anatomic characterization as delineated by two-di-
mensional echocardiography can provide an idea of the
"anatomic severity" of the lesion, and this would help in
patient management and counseling. Because Ebstein's
anomaly is a rare congenital malformation, its wide spec-
trum of anatomic abnormalities have not been assessed to
date by two-dimensional echocardiography. We have, there-
fore, in this report made a detailed review of the two-di-
mensional echocardiographic features in 41 patients with
Ebstein's anomaly in an attempt to show the usefulness of
two-dimensional echocardiography in demonstrating the
morphologic spectrum of Ebstein's anomaly. In addition,
we have made comparisons with direct surgical or autopsy
observations to establish the reliability of the noninvasive
examination and correlated the degree of anatomic severity
with functional disability.
Diagnosis of "Morphologic Spectrum"
of Ebstein' s Anomaly
Physical and laboratory findings will suggest the diag-
nosis of Ebstein's anomaly (10,13.27-35). Cardiac cathe-
terization and invasive electrophysiologic studies have been
required for more definitive diagnosis and anatomic delin-
eation. However, these procedurescannot delineatedetailed
intracardiac anatomy and the spectrum of morphologic ab-
normalities of the tricuspid valve apparatus. All previous
detailed reviews of the anatomic spectrum of Ebstein's
anomaly have been either surgical or pathologic.
Two-dimensional echocardiography versus angiog-
raphy. Since the initial echocardiographic description of
Ebstein's malformation by Lundstrom (36) in 1969. most
authors (37-44) have agreed that the most reliable M-mode
echocardiographic feature is a delayed tricuspid valve clo-
sure interval (30 to 70 ms) (37,39-44). The closure interval
may be prolonged in other disease states (22,43,44) and
may be normal in mild forms of Ebstein's anomaly (39).
Thus, the sensitivity of the M-mode diagnosis of Ebstein's
anomaly is poor, and angiography has been utilizedfor more
complete assessment.
Two-dimensional echocardiography has permitted more
complete assessment of Ebstein's anomaly by virtue of its
excellent visualization of the tricuspid valve (15,17 ,45).
Displacement of the septal leaflet has been suggested as the
most sensitive indicatorof the diagnosis of Ebstein's anom-
aly (18-23) . Matsumotoet al. (18) first reportedon the two-
dimensional echocardiographic features of Ebstein's anom-
aly, showing displaced tricuspid leaflets and an atrialized
portion of the right ventricle . Other investigators (19-23)
have emphasized these findings as the most diagnostic fea-
tures. Elongation of the anterior leaflet, its redundant whip-
like motion and thickening of the tricuspid apparatus have
also been described. Althoughthese studies involveda small
number of patients, it is now accepted that the two-dimen-
sional echocardiogram is equal or superior to angiographic
techniques for the diagnosis of Ebstein's anomaly. For the
delineation of specific morphologic abnormalities, angiog-
raphy has been limited, and over the past 6 years two-
dimensional echocardiography has been increasingly uti-
lized for preoperative assessment. Moreover, because the
hemodynamic variables in Ebstein's anomaly are usually
clinically predictable, cardiac catheterization is no longer
considered a necessary examination.
Anatomic spectrum of Ebstein's anomaly. Inferior
displacement of septal leaflet of tricuspid valve . The 41
patients with Ebstein's anomaly in this report constitute the
largest two-dimensional echocardiographic experience to date
and they have permitted a detailed noninvasive examination
of the anatomic spectrum of Ebstein's anomaly. Normally,
the septal tricuspid leaflet or tricuspid valve inserts only
slightly apically onto the ventricular septum in comparison
with the mitral valve (15) (Fig. 3). Ebstein's anomaly is an
abnormal extension of this expected downward displace-
mentof the septal leafletof the tricuspidvalve. In this series,
all 41 patients with Ebstein's anomaly, except 5 with an
absent septal leaflet, showed inferior displacement of more
than 7 mm (range 7 to 50). However, this single value has
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considerable overlap with control groups of patients with a
normal heart, secundum atrial septal defect or severe tri-
cuspid regurgitation. When the values were indexedby body
surface area, completeseparationof Ebstein's anomalyfrom
other groups was possible. A value greater than 8 mm/rrr'
was exclusive to Ebstein's anomaly. Although this mea-
surement offered adequate separation, we cannot exclude
potential exceptions in small infants and patients with an
extremely dilated heart or very mild Ebstein's anomaly. It
is notable that displacementalone has no significant relation
to functional disability. Thus, septal leaflet displacement is
a sensitive indicator of diagnosis, but has only a gross re-
lation to functional severity.
Displacement of the anterior septal leaflet. This abnor-
mality was uncommon and was found only in the group
with Ebstein's anomaly (six patients). It was associatedwith
increased functional disability.
Leaflet tethering to subjacent myocardium of either the
septal or the large anterior leaflet. This finding was specific
for Ebstein's anomaly; it was consistently associated with
reduced leaflet mobility. An effective hinge point caused
by tethering of the valve to the subjacent ventricular myo-
cardium has been described in pathologic studies (5,6,8,9)
as "pseudo" displacement and as distinguishable from "true"
displacement, in which the valve is intimately adherent to
the underlying myocardium.
Absence ofseptal tricuspid leaflet. This feature wasfound
only in Ebstein's anomaly (5 [12%1 of 41 patients) and had
an incidence similar to that reported in pathologic studies
(7). A small "dysplastic" septal tricuspid leaflet was ob-
served in 20 patients (49%). Septal leaflet dysplasia was
associated with a high incidence of clinical tricuspid re-
gurgitation (24 [96%1of 25) and observableeccentric coap-
tation of the anterior leaflet (73%) toward the ventricular
septal surface.
Elongation of the anterior leaflet. This was characteristic
of Ebstein's anomaly and was a feature distinctive from
those in the control groups. The excessivelyelongated leaflet
with its whip-like motion accounts for many of the M-mode
features, including the ability to obtain echoes of this valve
far laterally. Althoughpatients with isolatedsecundumatrial
septal defects (55%) and severe tricuspid regurgitation (25%)
showed exaggerated motion of the anterior leaflet, none had
the characteristic large elongated and redundant leaflet seen
in Ebstein's anomaly. Thickened tricuspid valve leaflets
were also common (93%), but this was a nonspecific finding
and was often associated with tethering and restricted motion.
Dimensions of the tricuspid valve anulus. These were
significantlygreater in patients with Ebstein's anomaly. Al-
though dilation of the tricuspid anulus has been emphasized
as a primary anomaly (6,8,9) it was observed in many pa-
tients with atrial septal defect and significant tricuspid re-
gurgitation. The ratio of tricuspid to mitral anular dimension
of 1.1 to 2.5 in Ebstein's anomaly was consistent with
pathologic studies (8). However, in this series, two patients
withEbstein's anomaly showed ratios of lessthan I. I, whereas
the upper limit was 1.8 for patients with atrial septal defects
and 2.1 for those with tricuspid regurgitation.
Ventricular cavity dimensions. These were more con-
sistently related to functional disability and degree of tri-
cuspid regurgitation. Enlargement of the right ventricle was
dependent on dilation of the atrialized portion. These data
support the idea that a large atrialized right ventricle and a
small functional right ventricle are related to anatomic se-
verity. The total right ventricular cavity dimensions were
significantlygreater in patients with Ebstein's anomaly than
in normal subjects, but were similar t~ dimensions observed
in patients with atrial septal defects and severe tricuspid
regurgitation.
Aneurysmal/y dilated right ventricular outflow tract. This
feature was present in 8 (20%) of 41 patients. Takayasu et
al. (46) reported that this feature was most prominent in
patients with significant tricuspid regurgitation; however, it
was also observed in the absence of tricuspid regurgitation.
These authors suggested that an aneurysmal outflow tract
may be a morphologic feature of a dysplastic right ventricle.
Six of our eight patients with aneurysmal dilation of the
right ventricular outflow tract had severe tricuspid regur-
gitation. The two remaining patients had mild tricuspid in-
competence. This finding adds credence to the belief that
these patients may have a dysplastic right ventricular myo-
cardium that is more prone to aneurysm formation.
Exaggerated tricuspid valve motion. This was present in
39 (95%) of 41 patients and increased echo density in the
anulus was present in 10 (24%) of 41 patients. Anderson
and Lie (8), in a pathologic series of 15 patients with Eb-
stein's anomaly, noted that the insertion of the atrioven-
tricular valve into the atrioventricular junction was thick-
ened and more fibrous in nature. Our echocardiographic
findings of these dense echoes in the tricuspid anulus (10
patients) are assumed to be secondary to a thickenedanterior
leaflet and fibrous anulus.
Ventricular contractility. Monibi et al. (47) reported that
12 of 13 patients with Ebstein' s anomaly had angiographic
evidence of left ventricular contraction abnormalities. Nine
of the 13 patients had abnormal contour of the left ventricle
with an unusually elongated and distorted long axis and
irregular septal and lateral walls. There was no apparent
cause or explanation for this finding except possible
compression of the left ventricular cavity by an enlarged
volume-overloaded right ventricle, with leftward bulging of
the septum. SI. John Sutton et al. (48) reported that patients
with long-standing atrial septal defect consistently showed
normal left ventricular function. In our two-dimensional
echocardiographic study of Ebstein's anomaly, we found
only two patients with reduced left ventricular contractility
(ejection fraction 31 to 33%). One patient had a prior myo-
cardial infarction, and the other was 85 years old. From this
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series, we found no evidence of depressed left ventricular
function which could be related to either structural or mor-
phologic abnormalities of Ebstein's anomaly.
Mitral valve prolapse . This was an infrequent finding (3
[7%I of 41 patients). In patients with an atrial septal defect,
there is a reported increased frequency of mitral valve pro-
lapse (49-53) . Because Ebstein's anomaly has a high as-
sociation of secundum atrial septal defect, one might have
expected a higher incidence of prolapse (54,55). However,
our report does not bear out this assumption.
Two-Dimensional Echocardiographic /Anatomic
Correlation
Direct observation of features of Ebstein's anomaly at
the time of open heart surgery or autopsy permitted a mor-
phologic comparison with a noninvasive two-dimensional
echocardiogram (Table 4). In the 27 patients with Ebstein's
anomaly who had confi rmation at surgery or autopsy, there
was excellent correlation of major structural abnormalities.
The only exceptions were fenestrations and clefts of the
anterior tricuspid leaflet. Danielson et al. (26) stated that
these perforations and clefts do not significantly alter the
surgical risk.
From these data, we feel confident that two-dimensional
echocardiography is a sensitive means of diagnosing Eb-
stein's anomaly preoperatively. The accurate assessment of
detailed structural abnormalities of the tricuspid valve or
right ventricle has not been possible by angiography. Such
information is important preoperatively and may aid in de-
termining anatomic severity and surgical feasibility (56).
Because the hemodynamic variables of Ebstein's anomaly
are usually clinically evident, we believe that cardiac cath-
eterization is no longer an integral part of the preoperative
assessment.
Functional Severity
Functional disability in Ebstein's anomaly is typified by
increasing congestive failure, cardiomegaly, cyanosis and
progressive reduction in cardiac work capacity. In this re-
port, the patients were categorized by functional class based
on the Criteria Committee of the New York Heart Asso-
ciation guidelines (24). The presence of associated cardiac
defects (shunts and valve stenoses), severity of tricuspid
regurgitation and right ventricular pump failure are consid-
ered to be primary factors leading to decreased functional
capacity. Our patients with Ebstein' s anomaly had a high
incidence of clinically evident cyanosis and significant tri-
cuspid regurgitation with decreased functional cardiac ca-
pacity. Features of the tricuspid valve that could be related
to decreasing functional capacity were absence of septal
leaflet and pronounced tethering, restriction of motion and
displacement of the anterior leaflet of the tricuspid valve.
Role of increased structural dimensions. Larger right-
sided dimensions may be a primary or secondary phenom-
enon associated withabnormal right ventricular myocardium
(57) and accentuated by tricuspid valve malfunction (46).
The more severely affected patients had a larger atrialized
right ventricle, larger right atrium, and an aneurysmal right
ventricular outflow tract.
From the described two-dimensional echocardiographic
morphologic abnormalities, we found no single feature that
adequately reflected functional severity. However. patients
who are more severely affected have more numerous struc-
tural anomalies of the tricuspid valve leaflets and support
apparatus, along with primary and secondary alterations in
the size of cardiac chambers and their other dimensions.
Role of number and type of morphologic abnormal-
ities. In Table 5 and Figure 9, we have listed the echocar-
diographic morphologic abnormalities that have some re-
lation to functional severity. The hypothesis is that patients
with increasing functional severity have more numerous
morphologic abnormalities . Twenty (71 %) of 28 patients
who had severe functional disability had two or more sig-
nificant morphologic abnormalities (Fig. 9); in contrast, only
3 patients (23%) with mild or moderate clinical severity
showed this feature . Not only the number of anomalies, but
also the type of anomaly was important; that is, severe
restriction of the anterior leaflet motion was more related
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to disability than was septal leaflet dysplasia. Because clin-
ical severity will change as the patient grows older, a lon-
gitudinal study will be necessary for complete validation of
the relation with functional and anatomic severity.
Summary
These results have shown that two-dimensional echo-
cardiography provides good correlation with directanatomic
inspection. Morphologicabnormalities of the tricuspid valve
and right heart structures are uniquely assessable by the
noninvasive two-dimensional echocardiographic examina-
tion. In our institution, echocardiography has replaced an-
giography as the procedure of choice for diagnostic and
morphologic assessmentof patientswithEbstein' s anomaly.
Cardiac catheterization is necessary only when specific
hemodynamic questions or clinical inconsistencies exist.
Morphologic features as appreciated by two-dimensional
echocardiography can be utilized to predict anatomic se-
verity. Morphologic (anatomic) severity, as expected. has
a positive relation to functional disability.
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